In this paper, stress intensity factors (SIFs) at the edges of the cracks in an elastic orthotropic strip weakened by two collinear cracks are determined. The problem consisted of two symmetrical cracks about the sides of the strip and axis y-is approached by Iterative method. Also, by reducing the problem to a system of Cauchy type singular integral equations, a Quadrature technique is used to calculate SIFs. Finally, extensive numerical results and detailed interpretations are given.
INTRODUCTION
In fracture mechanics, determination of the SIFs in a cracked strip plays an important role, since it enables to estimate crack propagation. A great number of studies in this field have been done. Shen and Fan [1] calculated mode I SIFs for a strip include two semi-infinite collinear cracks. Using complex function method, exact solutions are obtained. Also, Li and Fan [2] found the exact solutions for SIFs of two semi-infinite collinear cracks in a strip of one dimensional hexagonal quasicrystal by considering complex variable method.
Srivastava et.al. [3] considered an infinitely long elastic strip with two coplanar Griffith cracks. It is aimed to examine the interaction of shear waves. By using an integral transform method dynamic SIFs are obtained.
SOLUTION OF MIXED BOUNDARY VALUE PROBLEM CORRESPONDING TO TWO CRACKS LOCATED SYMMETRICALLY ABOUT AXIS y-BY ITERATIVE METHOD
In this section, a strip problem weakened by two symmetrical cracks is considered. The problem is approached by Iterative method to obtain SIFs. Also, the similar strip problem weakened by a crack has been solved by Iterative method in [11] . The SIF values at the edges of the cracks are obtained and the results have been compared with the results in [13] . The compatibility of these results has been seen.
In this problem, it is assumed that, there are two collinear cracks in an elastic orthotropic strip located on The boundary conditions of the related elasticity problem are as follows: 
Here,  denotes the vertical displacement; xy  and y  are shear and normal stress components, respectively.
Considering the symmetry of the related problem about the  x coordinate, the auxiliary problem for a strip of thickness h with the boundary conditions is given as
Here, the function ()  x denotes the displacements of points on the crack sides. By considering the continuity of the function
x , the following additional condition can be obtained:
Similar to the given procedure in [11, 18, 19] , considering basic equations of elasticity theory, Fourier technique and Eqs. (1)- (3), the following integral equation is obtained 
where,
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The Cauchy-type singular integral equation (6) 
The inverse of this lemma is true if     
, then the solution can be presented for [14] . Here,
 n C and
are the spaces of continuous differentiable functions of order n and the spaces of functions that satisfy Holder condition in the interval (-1,1) , respectively. Now, by using Eq. (10) we can rewrite the following equations instead of Eq. (9);
where,   1 2 22 (9) is a continuous function.
the following theorem can be given similarly Banach theorem.
Theorem 2. Let the conditions of Lemma 3 are satisfied. Then, for every λ,
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operator B has an only and only fixed point in the class of continious functions. The fixed point is the limit of the sequence of iterations of
To use Eqs. (11) and (12) in the sequence of iterations of  leads to following formula for the general term of sequence 1 ()  n x :
Considering Eq. (13) and using the iterated kernels (14) together with Eqs. (10) and (12), the solution for integral equation (8) 20 .
Here, it is assumed that,   
During the analysis, we will consider two different loading condition given in Figure 2 . (15) and using Eqs. (7), the derivative of the function describing vertical displacements of the points on the crack sides is obtained: 
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SOLUTION OF MIXED BOUNDARY VALUE PROBLEM CORRESPONDING TO TWO CRACKS LOCATED SYMMETRICALLY ABOUT AXIS y-BY GAUSS QUADRATURE FORMULAS
In this section, two symmetrical cracks problem given in Figure 1 is solved with the help of Gauss quadrature formulas. Similar problem corresponding to a crack is considered in [12] . The problem has been approached by Gauss-Chebyshev quadrature. The obtained values of SIFs have been compared with results in [11, 13] and it is concluded that the present results agree well with those of references.
For two cracks problem, the following system of singular integral equation is obtained:
where
Similarly to Eq. (18) and (19) , the system of singular integral equations turn into dimensionless forms are obtained as
In this section, the solution of reduced system of singular integral equations (20) , (21) is approached by the procedure given in [16] . So, according to Muskheleshvili [17] , the solution can be obtained as , , 11 1
Here, By considering the following known formulas for Chebyshev polynomials of first and second kind [20]       Ut , the system of linear equations is obtained:
The additioal condition can be obtained by using the same procedure as follows,
NUMERICAL RESULTS
In this section, we will analyse the effect of the orthotropy and relative thickness on the normalized SIFs. In accordance with this purpose, three kinds of orthotropic materials given in Table 1 are considered. Here, the coefficients are the elements of the compliance matrix which is the inverse of stiffness matrix obtained by Hooke's law for an orthotropic material in case of plane strain. Table 1 is rewritten as transformation of stiffness parameters in [21] . 0.977x10 -10 0.141x10 -9 Here and in the other tables, Material i denotes the names of three materials with different orthotropic properties. From Table 1 , it is obvious that Materials 2 and 3 are same except a 90 degree rotation of orthotropy. Since compliance matrix of a material is the inverse of the stiffness matrix, from Table 1 , it can be seen that while Material 3 has the highest orthotropy, Material 2 has weakest orthotropy in crack line direction. The SIF values are calculated for the strips made from these materials under these two different loading conditions by using Gauss quadrature method and Iterative method. Also, in references [11] [12] [13] , the strip problems weakened by a crack are also solved by Iterative method, Gauss-Chebyshev quadrature and Series method, respectively. The presented tables and graphics underline the compatibilty of the results for SIFs.
Figures 3-10 present the normalized SIFs for three kinds of material and under uniform crack surface pressure. Figures 3-5 give the effect of the relative thickness on right and left edge of SIFs, for considered three materials. It is established that, the crack propagation starts at x=±a. Also, while the relative thickness of the strip increases, SIFs increase too. It is obvious that while ε increases, the distance between the cracks increases, too. From Figures 6-8 , when ε increases the SIFs at the edge a decrease and critical load increases. Figures. 9-10 show the effect of the relative thickness on the normalized SIFs at the edges a and b, for all materials and 0.5   , respectively. Since Material 3 has the highest orthotrophy, the SIFs in the strip made from Material 3 would be biggest at the both edges. Table 2 presents the normalized SIFs correspond to the value of the material orthotropy parameter E1/E2 under uniform crack surface pressure. E1/E2=1 correspond to the isotropic material. As is seen from Table 2 , while the anisotrophy properties of the material from which the strip is made increase SIFs increase and the resistance of the strip decreases. In Table 2 , the results are compared by Gauss Quadrature method and Iterative method to verify the validity of the results. Figures 11-15 show the normalized SIFs for these three materials under fixed-grip loading. Figures  11-13 give the effect of the distance between cracks on SIFs for all tip materials. So, when cracks's length increases, the SIFs increase too. Figures 14-15 give the effect of relative thickness on SIFs under fixed-grip loading for all tips materials given in Table 1 . When relative thickness of the strip increases, SIFs increase independently of strip material. Since Material 3 has the highest orthotropy in crack line direction, the normalized SIFs are the highest at the crack edges in the strip composed of Material 3. Likewise, since, Material 2 has weakest orthotropy in crack line direction, the normalized SIFs are the lowest at the crack edges in the strip composed of Material 2. Figure 16 shows the SIFs corresponding to material orthotrophy parameter values E1/E2 under fixed-grip loading for a strip weakened by two cracks. It can be interpreted, when the material orthotrophy parameter values E1/E2 increase, SIFs also increase and then strip resistance decreases. 
CONCLUSION
In this study, the problem is approached by Gauss Quadrature formulas and Iterative method. It is established that, when the distance between the cracks increases, i.e., ε=a/b increases, normalized SIFs decrease. Also, it is obvious that the crack propagation starts at x=±a. Finally, from tables and figures, it can be concluded that under uniform crack surface pressure, when relative thickness of the strip increases SIFs increase, too. It causes to decrease of strip's resistance. If the crack sides are loaded by fixed-grip loading, for δh<0, while thickness of the strip decreases, the normalized SIFs on axis -Ox increase; but rather, the normalized SIFs on axis Ox decrease. Another point, for δh>0, while the thickness of the strip decreases, the normalized SIFs on axis -Ox decrease, conversely, the normalized SIFs on axis Ox increase. Also, the cracks in the strip composed of Material 3 starts to spread faster by comparision with the strips made from Material 1 and Material 2. So, between the strips which have same geometry and same cracks, the resistance of strip made from Material 3 is the lowest. Additionally, when material orthotrophy parameter E1/E2 increases, SIFs increase, too. As a result, when material anisotrophy increases, critical load decreases and so strip resistance decreases.
